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SENSATION PERIOD, A CONTRIBUTION TO THE THEORY OF TIME, [
SPACE, AND MOTION SENSATION

FJWFrohlich

ABSTRACT. A historical review of the development of sensa-
tion time is followed by discussions of the correlation be-
tween sensation time and reaction time, based on psychologi-
cal tests patterned on astronomic observations of star
transits in various types of telescopes. Personal equation,
systematic errors in reaction times, and response to various
sensory stimuli are explained and discussed. Tabulated and
composite results indicate that the reaction time depends on
the intensity of the sensory stimulus and that reaction times
to sound stimuli and electric skin stimuli are shorter than
to light stimuli. Differing results of various authors are
explained on the basis of personal equation, anticipatory
reactions, and physical condition of the individual. A
theory is developed for proving that stimuli of equal sensa-
tion time necessarily mean equally long reaction times.

PART IT

HISTORICAL DEVELOPMENT OF THE QUESTION OF SENSATION PERTIODS

1. Astronomic Time Determination

In 1796, the Director of the Greemwich Observatory, Maskelyne, during astro-
nomical observations at the Royal Observatory (Part III, p.339, 1796), reported
that his assistant Dr.Kinnebrook had gradually taken the habit of observing the
transits of stars through the reticle of the meridian circle about 0.5 - 0.8”
later than Maskelyne himself. Maskelyne stated that Kinnebrook, in 1794 and at
the beginning of 1795, observed the transits in conformity with himself but that,
starting in August of the same year, he recorded the transits half a second -
later; this difference increased in the year 1796 up to 0.8” so that it seemed
improbable that his assistant would ever return to a correct observation method.
For this reason, Maskelyne was forced to discharge his assistant. Following this
report, Maskelyne described a method introduced by Bradley according to which
the positions of the stars were recorded during the individual pendulum deflec-
tions of the astronomic clock, before and after passage across the middle wire
of the reticle, thus permitting measurement of tenths of a second. According to
instructions by Bradley, the observer, so as to detect the instant of star trans-
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it, had to center his attention first on the star and then again on the reticle
of the meridian circle, i.e., to distribute his attention over both. Maskelyne
was of the opinion that his assistant did not strictly follow this stipulated
method but used his own arbitrary procedure.

The famous Konigsberg astronomer Bessel who came across this particular
report made the following statement: "Considering that the stars as well as the
cross wires are fully discernible in average-quality meridian circles and that
the motion during one second, even at a magnification of only 60 - 80 X, is al-
ready so great that the observer ordinarily is sure of his measurement to within
one tenth of a second, the discrepancy between Maskelyne and his assistant seems
almost incredible. Considering furthermore that Kinnebrook must have had the
desire to observe the transits as early as possible so as to approach the real
conditions as closely as possible, there can be no doubt that an unintentional
constant difference may have existed between the two observers, which by far ex-
ceeded the limits of random uncertainty and not only would require a detailed
investigation with respect to astronomic observations but also appears quite /5
peculiar from the anthropological viewpoint." These considerations by Bessel
led to the discovery of the so-called "personal equation" (Ref.l). In 1819,
Bessel made experiments in collaboration with ILindemann and Encke using a meridi-
an circle, in which each of the astronomers observed a few star transits. How-
ever, these attempts yielded no useful result; the observations were too few in
number and the differences too small. It was only during the winter of the fol-
lowing year that Bessel, by comparisons with Walbeck, obtained significant dif-
ferences:

Bessel — Walbeck = - 1.041

Based on this expression, the term "personal equation" was coined. Bessel ob-
served the transit about 1” later than Walbeck:

Bessel — Argelander = — 1,223

Struve— Walbeck = — 0.202" S
October 1814 Bessel — Struve = — 0.044" (Ref. 2, 3)
November 1820 . - = —0.680" '
January 1821 ” - = — 0.799
June 1823 - " = — 1.021%.

One could speak here of an increasing difference in the measurements, as it
apparently became evident in Kinnebrook's case. Similar results would be ob-
tained also from the measurements by Main and Rogerson which extended over 14 yrs
and led from coinciding values to a difference of 0.70”. One could think here
of an increase in the personal equation with progressing age of the observers,
if it were not for the fact that Peters had reported differences that occurred
during one and the same day between the observers Wolfers and Nehus (Ref..).

Di fferences between Main and Rogerson

1840 — 0,15" 1848 -} 0.37*
1841 — 0.08" 1849 -1 039~
1843 - 0.20" 1850 - 0.45*
1844 L 0.18* 1851 -} 047
1845 -} 0.20" 1852 4 0.63¢
1846 -+ 0.26* 1853 -}- 0,70
1847 4 0.35". » .




Changes in the observation conditions also caused changes in the personal
equation. When measuring occultation of a given star at the dark lunar limb, the
following was found:

Bessel — Argelander = — [.222¢

i.e., much smaller differences. If a second clock and a half-second clock were
used in the measurements, it was found that

Bessel ( sexop~7uhr) — Bessel (Halbseknndenuhr) = — 0.494* /6
Bessel "clock) — Argelander " = 1.227.
(hal}:second clock)

The fact that the personal equations varied even under different observa-
tion conditions left no doubt on the reality of this phenomenon. Bessel himself
wrote: "The different experiences show that no observer, even if he is con-
vinced of strictly following Bradley's observation method, can ever be certain
that he is giving absolute instants of time with complete accuracy. It would be
highly desirable to find a means of making exhaustive investigations of this
enigmatic phenomenon; however, I believe this impossible since the operations
responsible for the difference proceed subconsciously. Nevertheless, astrono-—
mers must attempt to recognize errors in the results due to this source and to
avoid them as far as possible. The influence on the meridian differences of the
localities is obvious. For example, if Dr.Argelander would have determined the
time for his star occultations, then the town of Konigsberg according to his ob-
servations would be by one second of time farther East than according to my own
observations.!" This would constitute a difference of about 350 m!

It is true that the assistant Kinnebrook had never become outstanding as an
astronomer, but his discrepancy with Maskelyne did lead to the discovery of the
personal equation. Since this discovery formed the start for a large number of
astronomical, physiological, and psychological investigations which, on the one
hand, were to eliminate the personal difference in astronomical time determina-
tions and, on the other hand, to measure the sensation time, the name of Kinne-
brook will be permanently connected with the history of astronomy, physiology,
and psychology and this even more so as it will be demonstrated that it is ex-—
actly the classical observation method by Bradley which is least suitable for ob-
taining concordant results.

Until then, astronomers made time determinations with the so-called visuo~
auditory method. In this method, the pendulum deflection of a clock is used for
determining the instant at which the comparison star passes across the middle
wire of the meridian circle (transit circle, transit determination). The time
is estimated in tenths of a second. Because of the shortness of one second, it
is doubtful whether it is actually possible to estimate 1/10 sec. However, here
it is not a question - as frequently assumed - of a time estimate but rather of
a space estimate. As soon as the star enters the field of view of the telescope,
the observer checks the time on the clock and, during the observation, counts
the second beats. It happens rarely that the star crosses the middle wire ex~
actly at the instant of a second strike, usually being still a certain distance
away from the wire at the first second strike and already a certain distance on
the other side of the wire at the next second strike. For example, if the seg-
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ment ahead of the middle wire is 1/J of the distance to be covered by the star
between the two second strikes, the instant of transit will have been determined
with an accuracy of 0.25”.

Tn 1842, Arago (Ref.5) thought to eliminate the personal error by defining/7
the instant of transit by stopping a clock whose hand indicated the time. Ar-
resting of the clockwork was done by releasing a trigger held in the hand of the
observer while looking through the telescope. This mode of observation became
known as recording method and was quite similar to the reaction time methods
used later by physiologists and psychologists. In 1851, Bond published a paper
in the Reports of the British Association (Ref.6) on experiments with electric
recording, in which apparatus similar to electric telegraphs were used. Key re-
cording and paper strip charts, moved by a clockwork known as chronographs, were
used.

Prasmowski and Hartmann (Ref.7, 8) mentioned that training is of great im-
portance in transit determinations and that such training should be obtained on
specially designed apparatus, simulating the transit processes by means of arti-
ficial stars. Instruments of this type were used by Hartmann and Hirsch (Ref.9).
AWHirsch, the Director of the Neuchatel Observatory, used a Hipp chronoscope con-
structed on his request, for making transit determinations according to the re-
cording method, using artificial as well as real stars; for comparison, he also
made recording experiments with other sense organs. The experimental setup
was as follows: On passage of the artificial star across the middle wire of the
telescope, the pointer of the chronoscope was automatically started in motion by
electric means; the chronoscope was arrested, by pressing an electric key, at
the instant at which the observer saw the transit of the star across the wire.

In this manner, it became possible to read the time with an accuracy to 1/10007.
When using artificial stars, extremely short values were initially measured.
Hirsch attributed this phenomenon to excessive velocities of the artificial
stars. As soon as lower velocities were used, corresponding approximately to the
velocity of an equatorial star, greater personal errors were measured which were
of the same order of magnitude as in observations of natural star transits. In
further experiments, in which also Plantamour and Wolk (Ref.1l0, 11) partici- /8
pated, greater fluctuations occurred which, for the case of Hirsch, amounted to
0.013 - 0.362", In some cases, these values even became negative, since the ob-
server reacted before the star had passed across the middle wire. This behavior
was attributed to an anticipation of the passage, as it readily may happen when
observing a star that gradually approaches the transit point. C.Wolf (Ref.l2),
using a high-accuracy instrument designed on the principle of the visuo-auditory
method, obtained a constant error of 0.1” at uniform mode of observation; this
error remained at the same magnitude even when replacing the light stimulus by a
sound stimulus or by an electric stimulus applied to the skin. Similar experi-
ments were made by the astronomers Harkness, Eastmann, HeGe.van de Sande Back~
huyzen, and Kustner (Ref.l3 — 16). All these investigations clearly demonstrated
the personal difference of the observers as well as the gradual changes in the
reaction of the individual observers, as discussed above. A larger series of
studies showed an increase in the personal equation for stars of lower magnitude,
i.e., lower brightness. This involved the so~called brightness equation de-
veloped by the astronomers Argelander, van de Sande Backhuyzen, Turner, and
Schaberle (Ref.17 - 19).
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Detailed investigations by these astronomers definitely prove that the per-
sonal equation exists and also demonstrate its dependence on the apparent magni-
tude of the stars (brightness equation), on the declination of the star (velocity
equation), and on the skill of the observer. Thus, it seems logical that at-—
tempts were made to develop methods for eliminating the personal error. Such a
possibility was apparently given by the so~called physical recording micrometer
developed by Repsold (Ref.20). In the Repsold micrometer, a reticle is moved
through the field of view of the meridian circle either by hand or by a clock-
work, at a speed corresponding to the stellar velocity, with the observer having
the task of making the wire coincide with the star. In this case, the transit
of the star and of the middle wire through the local meridian is recorded auto-
matically. Originally, it was believed that this method might eliminate the
personal equation; however, it was soon found that the personal equation still
appeared in this method and that an influence of the velocity and brightness of
the stars existed [Zeipel, Norlund, Wirth (Ref.21 - 23)]. Tt must be considered
that in the case in which the star, for example, leads the moving wire at a
certain point, a certain time will elapse before this lead is perceived (sensa-—
tion of change) and that, beyond this, some more time will elapse before the ob~
server — as a function of his personal equation - will make the wire and star co-
incide again. In fact, a critical investigation by Wirth showed that consider—
able fluctuations occurred in individual observations, going as high as 3 sec;
however, by introduction of a number of contacts into the micrometer, these er—
rors are compensated and reduced to an order of magnitude which, under favorable
observation conditions, is close to 30 0. Accordingly, the Repsold micrometer
is not a truly physical instrument but does produce a considerable increase in
measuring accuracy which previously could be attained with conventional record-
ing methods only by skilled observers. This made it logical to record star
transits by photographic means, so as to eliminate the personal equation. How—
ever, this idea could not be realized, since the sensitivity of photographic
plates is insufficient for such stellar photographing. The sensitivity of the
eye is far greater than the sensitivity of photographic plates. In 1927, the
Swedish astronomer Bengt Stromgren (Ref.2,) described a method that permitted an
automatic transit determination and thus completely avoided the personal equa-
tion. On passage through the meridian circle, the image of the star falls on a
photosensitive selenium cell; the resultant minimal photoelectric current is
amplified in amplifier tubes and the instant of entrance of the current is de-
fined by means of sensitive galvanometers.

At this point, we should mention an important observation by the Norwegian/10
astronomer O.Pihl (Ref.25), made in time determinations with the occultation
method and offering the possibility of measuring the absolute magnitude of the
personal error. The occultation method essentially consists in having the star
pass through a segment, left free in front of the aperture of a diaphragm in the
field of view of the telescope, and then having the observer indicate the instant
of time at which the center of the path is passed. Pihl noted that the star did
not appear at the periphery of the diaphragm but more or less jumped a certain
distance into the path and then left the diaphragm at the other edge. O.Pihl
correlated this delayed appearance of the star with the sensation time and made
an attempt to calculate this time from the displacement of stars of different mag-
nitude; he obtained values between O and 638 0. However, these values are sub-
Jject to certain doubts; this was responsible for the fact that Pihl's observa—
tions were generally disregarded. It seems logical to reject the zero values of
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the personal error since it can hardly be assumed that, even in the presence of
strong light stimuli, the time needed for the development of sensation would

ever approach zero; on the other hand, the large values closely resemble the con-
siderable personal differences which had been recognized earlier, so that special
attention should be paid to this particular point. The finding reported by Pihl
should be encountered not only in the occultation method but also in any method
in which it is a question of determining the instant of time at which a given
star emerges from behind the lunar limb.

2. Complication Experiments

Originally, only astronomers were interested in the personal equation and
made attempts to subject the pertaining physiological and psychological problems
to experimental analyses; gradually, however, also physiologists and psycholo-
gists became interested in these problems. Here, we should specifically mention
the investigations made by Helmholtz, Donders, Exner, and Wundt who frequently
took over or simulated methods familiar to astronomers. This greatly enriched
the physiological methodics and, in addition, popularized the accurate working
methods of astronomers as well as the manner in which the efficiency of their
methods were tested. Astronomic methodics also furnished the Hipp chronoscope
frequently used in psychology, as well as Wundt's method which corresponds, in
its general aspects, to the visuo—-auditory method and which, in agreement with
~ Herbart, was later designated as '"complication method". Aragos! recording method
formed the basis for methods used in determining the personal equation of vari-
ous sense organs, in defining the velocity of propagation of excitation in sen-
sory nerves by Helmholtz, Baxt, Schelske, F.Kohlrausch, Hankel, Donders, yAY
de Jaager, and v. Wittich (Ref.2 - 32), and designated by Exner as method of
reaction time measurement.

Wundt's complication method (Ref.33) had the purpose of comparing the actual
ratio of two sensory stimuli with the resultant sensations. The apparatus used
in these methods, depending on their particular design, became known as complica-
tion clocks or complication pendulums. The complication clock basically is a
clock whose hands are able to move at differing speeds and are provided with a
device by which, at the instant of passage of the hand over a certain graduation
of the dial, a gong or strike is released. The point of such release can be
varied at will. In complication experiments, it always happens that the gradua-
tion of the dial at which the sound impression is perceived does not correspond
to the locus of its real occurrence but coincides either with an earlier or a
later point. In reality, only positive time displacements should have been ex—
pected, which would indicate the time elapsed between the physical effect of the
gong and its perception, meaning that information should have been obtained on
the sensation time of the human ear. An attempt had already been made by Bessel
to interpret the positive and/or negative time shifts, by assuming that - in the
former case - the subject would first see and then hear while - in the latter
case - he would first hear and then see. However, Wundt objected to this formu-
lation and stated that it was based on the erroneous assumption that seeing and
hearing constitute undivisible more or less mutually bypassing processes and
that, at a given instant, only one impression could be perceived by the atten—
tion. He maintained that this is by no means the case, as demonstrated by the
familiar simultaneous perception of light and sound impressions. He believed
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that the connection between both disparate sensory impressions would be simml-
taneous in either positive or negative time shifts but that a time illusion ex-—
isted at simultaneously present concepts, produced by changes in intensity and -
direction of attention to one of the stimuli., Thus, any distinct mark, made /12
on the graduations of the scale, will cause a mental association of the sound
stimulus with this particular point. O.Klemm (Ref.3)) used a complication clock
without face, having a dial on which the observer could displace a small mark
and adjust it to the point at which position of the hand and strike of the gong
coincided. Positive and negative time shifts occcurred alsoc under these condi-
tions, but distinct influences of the direction of the pointer motion, the train-
ing of the subject, and the trend of attention could be demonstrated. Similar
observations were made by v. Tschisch (Ref.35) who worked with pressure stimuli
and electric skin stimuli as well as by CeWolf (Ref.36) who replaced the bell
signal by an optical signal, so that two optical stimuli were presented. Com-
plication experiments were also carried out by Pflaum, Angel and Pierce, Geiger,
Heyde, Michotte, and Moede (Ref.37 - 42).

In addition, we should mention experiments reported by Helmholtz (Ref..,3)
more than 50 years ago in papers presented at the Berlin Academy; these were ex—
periments to measure the time required for a visual impression to reach the level
of awareness. This method was later used by SeExner (Ref.l)) in measuring the
differences of sensation times for light stimuli of differing intensity. The
method was based on the following trend of ideas: If, in observing with fixed
regard a certain point in the field of view, a weak light stimulus is followed
by a strong light stimulus separated by a short interval, the weak stimulus will
be extinguished degpite the fact that it precedes the strong stimilus in time.
If the interval between the two stimuli is lengthened, a time interval will re-
sult at which even the weak prior stimulus is perceived. Helmholtz and Exner
were of the opinion that the two stimuli can be sensed separately only if the in-
tervening interval is greater than the difference in the sensation times of both
stimuli. In this manner, Exner was able to define sensation time differences /13
ranging between 0.075 to 0.187 sec and to demonstrate that a logarithmic relation
exists between intensity of stimulus and sensation time. Basically the same
method was used by Baxt (Ref.)5), except that he replaced the simple light stimu-
lus by letters and figures which he then extinguished by a subsequent extinction
stimulus. One would be justified to apply here the term perception time rather
than sensation time, to express that the time measured by Baxt included already ‘
higher consciousness phenomena. The Helmholtz~Exner method, despite the fact
that it 1s entirely plausible, never penetrated into the general literature. The
obtainable results were too vague and it was too readily possible that the re-
sultant data were falsified by the intervention of a coalescence of both stimuli
or by mutual interference of the stimuli. In recent times, experiments with the
extinction method by Piéron (Ref.L6) were resumed, and M.Monjé (Ref.L7), on our
suggestion, subjected this method to a critical and comparative investigation.

3. Determination of Simultaneity of Disparate Sensory Stimuli

Specific experiments on the simultaneity of two disparate sensory stimuli |
were first made by Fxner (Ref.,8), for determining the minimum still perceptible |
time difference between disparate sensory stimuli. Fxner compared the flash of \
an electric spark with the tone of a smartly rapped glass and found that the



light stimulus must have a lead of 2, 0 to be perceived simultaneously with the
sound stimulus. Investigations on the same problem, made by Bloch, Weyer,
Peters, Minnemann, and Geigel (Ref.49 - 53) showed that the sensation of simul-
taneity respectively nonsimultaneity depends on a number of factors, namely on
the type of attention level, training or skill of the test subject, and in- /14
tensity and duration of the presented stimuli, i.e., on conditions quite similar
to those observed in complication experiments. Training and attention promote
differentiation of simultaneity and nonsimultaneity. Under otherwise equal con~
ditions, the stimulus conditioned by attentiocn, respectively the stronger and
loniger stimulus, is perceived earlier. Consequently, it is completely unjusti-
fied to generally ascribe a shorter or longer sensation time to a given sensory
region.

L. Reaction Time Experiments

Reaction time was designated by FExner (Ref.54) as the time elapsed between
presentation of a sensory stimulus and occurrence of a correlated voluntary re-
action motion. The term "reaction time! was patterned after the term '"reflex
time" which is the time elapsed between stimulation of a sense organ or of a
sensory nerve and occurrence of an involuntary reflex action. It is obvious that
the above-mentioned sensation time, i.e., the time elapsed between stimulation
of a sense organ and occurrence of the pertaining sensation, constitutes a com-
ponent of the reaction time.

Investigations by L.lange and Martius (Ref.55, 56) drew attention to the
dissimilarity in reaction times relative to the sensory and motor attitude of
the test subject. In the sensory attitude, attention is directed toward as rapid
as possible an apperception of the sensory stimulus and thus is diverted from the
motor reaction. The sensory reaction time has a greater duration, shows more
extensive fluctuations, and is especially pronounced in untrained test subjects.
In the motor attitude, attention is directed toward as rapid as possible an exe-
cution of the reaction. The motor reaction times are shorter and adjust them~
selves to a mean value after a certain training; these times show less fluctua-
tions than the sensory reaction times. In experiments by Alechsieff (Ref.57),
the following values of motor reactions were compiled, obtained with day adapta-
tion and use of a white field illuminated by daylight:

Studies by Hirsch, Donders, Hankel, Wundt, Exner, v. Kries and Auerbach, /15
and Cattell (Ref.58 —~ 6),), concerning reaction experiments with various sense or—
gans, seemed to indicate that sound stimuli and electric skin stimuli will condi-
tion much shorter reaction times than light stimuli; this result also seemed to
agree with the above-mentioned findings by Exner, but it must be considered here
that it is rather difficult to compare two disparate sensory stimuli as to their
intensity and time course. Wundt (Ref.65) demonstrated that, in the neighbor-—
hood of the threshold stimulus, the reaction times to stimulation of various
sensory regions are of the same order of magnitude. The compilation given below
is taken from the book on physiological psychology by Wundt (Ref.65), with simi-
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lar results having been obtained also by Berger (Ref.66) and Cattell.

Threshold Stimulus| Average| Variance
»Eounc_} I_‘}. .s..8370 50 ¢
1 t'_ > e -_-,3310 570
Tactile sensztion!327¢ ' 32

Already these data show that the reaction time depends on the intensity of
the sensory stimulus. Berger measured reaction times between 338 and 200 0, as
a function of the intensity. When using threshold stimuli, the values agree
with those given by Wundt. At increasing intensity, the reaction times first
decrease rapidly and then more slowly, graduvally becoming adjusted to a minimum
of about 200 ¢ and thus approaching values corresponding to those given by Alech-
sieff. In addition, the values are within the same order of magnitude as re-
cently reported by Vogelsang (Ref.67) as well as by Pottevin and Taillie (Ref.68),
in reaction time experiments with light stimuli. The difference in the reaction
times, as a function of the stimulus intensity, would thus be approximately [16
1,0 o, Pieron (Ref.69) made an attempt to use the dependence of the reaction
time on the stimulus intensity for gaining information on the time required for
apperception of a sensory stimulus. He obtained maximal values of about 150 o.
However, an attempt to obtain data on the duration of the processes in the sense
organ and in the sensorium, by varying the stimulus duration and extending the
stimulus itself, apparently led to no statistically reliable result.

In the totality of the experiments, the personal equation of the observers
was always prominent. Leéa Feygin (Ref.70) emphasized that observers who showed
a shorter reaction time to the sound stimulus also exhibited a shorter reaction
time to the light stimulus, meaning that the differences in personal equation ap-
parently extend over the various sensory regions. The influence of duration of
the stimulus on the reaction time was investigated by Wells and Léonnard (Ref.71,
7;); with increasing duration of the stimulus, the reaction time decreased, but
Leonnard observed exactly the opposite behavior. Since, on the basis of facts
gathered in the general physiology of sense organs, it must be assumed that a
protracted stimulus has a greater efficacy, the results obtained by Leonnard may
have to do with the fact that the time course was decelerated with increasing
duration of the light stimulus. As indicated already in experiments by A<Hirsch
and, more recently, also by Ginther (Ref.73), a slower increase in the sensory
stimilus will mean a longer reaction time. This might explain also the long re-
action times when gustatory, temperature, and pain stimuli are presented.

The dependence of the reaction time on the color of the light stimulus was
studied by Berger, Heumon (Ref.7.) and Holmes (Ref.75). In contrast to Heumon,
Berger and Holmes found that the various colors, if they are of equal brightness,
will result in equally long reaction times.

A survey over the results of extensive studies on reaction times indicates
that the reaction time is dependent on the following factors:
1) personal equation of the observer; /17
2) attention (sensory and motor attitude);
3) training and fatigue;
L) intensity;




5) duration and time course of the stimulus;
6) quality of stimlus.

Here, we are disregarding the numerous data having to do with the dependence
of the reaction time on toxic effects such as alcohol, morphine, chloroform, tea,
coffee, diseases of the nervous system, or which treat the reaction times under
highly complex experimental conditions (Ref.61, p.423).

In presenting sensory stimuli of differing intensity, reaction times ranging
between 180 - 200 0 on the one hand and up to 350 ¢ on the other hand are ob-
tained. This order of magnitude also encompasses the values obtained in many
hundreds of our own measurements, at presentation of light stimuli. However, in
these limiting values it must be taken into consideration that the individual
conditions on which the reaction time depends have never been systematically in-~
vestigated. In this respect, caution must be exerted specifically in regard to
the great personal differences, observed in astronomic time determinations. If
personal differences of more than one second occur, it can be suspected that it
is exactly in astronomic time determinations where conditions exist which result
in long reaction times. We have been told repeatedly that the slow course of
the light stimulus might be due to the low velocity with which the star moves
through the field of view of the telescope. It will be demonstrated later that,
on presentation of sensory stimuli of a very slow time course, much greater re—-
action times were measured than had been the case previously.

However, data are also in existence on mich shorter reaction times. Astro-
nomic researchers already became aware of the fact that the reaction times, under
certain circumstances, may be extremely short and that even negative reaction
times might occur, in which the reaction takes place before the releasing signal
is given. Such anticipation is possible specifically in observing star transits
since the observer sees the star gradually approach the middle wire of the reti-
cle of the meridian circle. Attempts have been made to utilize this anticipa-
tion by anticipating the sensory stimulus to such an extent as to have the reac-
tion take place simultaneously with presentation of the stimulus. This reduced
the personal error of transit determinations, under favorable conditions, to an
average of 30 0. These anticipatory reactions had been subjected to detailed
studies also from a psychological aspect.

As done by Wirth (Ref.76), the extent of anticipation can be defined by /18
unexpectedly eliminating the sensory stimulus in a series of reactions and then
determining the time at which the observer, on omission of the stimulus, is still
able to inhibit the reaction. Such shortened reaction times had been obtained
recently by Kuhnert (Ref.77) with an apparatus constructed by Wirth; there is no
doubt that these play a certain role in everyday life, especially whenever both
stimulus and reaction have undergone a rhythmization or whenever, as in firing
on moving targets, prediction of the target is used. It is highly probable that
the personal equation plays a role also in these anticipations, but anticipatory
responses furnish no data on the sensation times which are of specific interest
here. Although it is of some practical importance to subdivide the reaction
modes into sensory, motor, and anticipatory modes, we are mainly interested in
motor reactions since they alone are able to furnish information on the duration
of processes that lead to sensation, in agreement with the above-mentioned ex-
periments by Berger, Pieron, and Vogelsang.
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5. Indications of the Significance of Sensation Time

No matter whether the visuo-auditory method of astronomers or the complica~
tion method of psychologists is used in studying the coordination of two sense
organs, or whether the question is investigated as to the extent of simultaneous
perception of stimuli by two sense organs, or whether the absolute values of the
personal errors are to be determined by means of reaction time experiments, it
will always be the sensation time which plays a major role, i.e., the time re—
quired for apperception of the sensory stimulus. There can be no doubt that the
processes leading to sensation require a certain time; first, the sensory cells
must respond to the stimulus, the excitation process must be conducted over the
sensory nerves to the sensorium, and the nerve cells of the various sensory
centers must respond before sensation can come into being. Based on the above-
discussed experiments, it must be assumed that the sensation time depends on the
stimulus presented to the sense organ and on the type of excitations conducted
to the sensory center. The question here is how to measure the sensation time.
Where must the experiment begin? The most promising in this respect are Wundt's
complication experiments, but they never led to measurement of the sensation
time. Just the opposite, they yielded 'negative time shifts" which could be
interpreted only on the basis of hypotheses. In view of the rapidity with which
sensation occurs, how could one possibly determine the instant at which the sen-
sation is initiated, at which it reaches its maximum, and at which it just about
decays? These Questions are encountered by anyone working in the field of [19
sensory physiology and having occasion to observe the widely differing conditions
under which the sensation time becomes manifest. In perusing the sensory-physi-
ological literature, we encountered a large number of papers all of which empha-
sige the significance of sensation time. A few of these, referring to the sense
of vision will be discussed here; with certain restrictions, they also apply to
other sensory regions.

Exner (Ref.78) described the finding that the effect of a weak sensory
stimilus can be extinguished by a stronger stimulus following the first in short
succession. This would mean that the sensation of a strong light stimulus de-
velops more rapidly and earlier than that of a weak stimulus, thus obscuring the
effect of the latter. Similar findings were obtained by Helmholtz, Baxt, Tiger-
stedt and Berggvist, Cattell, Becher, Stigler, Pieron, Baade, Ebbecke, and Monjé
(Ref.79 - 88). Stigler, in his investigations on metacontrast, was able to
demonstrate that a weak prior stimulus can be extinguished also by a stronger
subsequent stimulus which is exerted on a neighboring point.

The existence of sensation time was demonstrated also in studies made by
Wheatstone, Szili, v. Kries, Schapringer, McDougall, and Ives (Ref.89 - 94), /20
who made their experiments with the simultaneous use of red and blue moving light
stimili. When using two vertically arranged light slits, of which one is il-
Juminated by blue light and the other by red light and which are moved in front
of the eye fixed on a stationary point, the slits are vertically aligned when
observing with the light-adapted eye while the red slit seems to lead when ob—
serving with the dark-adapted eye at reduced illumination. This would indicate
a longer sensation time for short-wave light, i.e., a more sluggish reaction of
the twilight apparatus which is excited specifically by the short-wave light.

As mentioned especially by v. Kries, the phenomenon of "auricular fibrilla-
tion" is based on the same principle. If, as done by Szili and Schapringer,
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small red and blue pieces of paper — they need not have the shape of a heart -
are pasted on a dark background and if the cardboard is moved back and forth in
front of the fixed eye, at reduced illumination, mutual displacements of the
pieces of paper will occur, resembling a type of flutter in that the red pleces
seem to lead in the direction of motion. The same principle is involved in the
phenomenon described by Hess (Ref. 95), in which, of two vertically arranged and
differently illuminated light slits, moving in front of the fixed eye, the
brlghter slit seems to lead. In addition, we should mention observations by Mach,
Dvorak, and Bethe \ﬂei 96 - 76}, demonstrating the difference in sensation time
of different retina points. However, the differences were attributed to a dif-
fering attention set. At instantaneous illumination with a long Geissler tube,
the light sensation seems to originate from the point to which attention had

been directed. Fuchs (Ref.99) connected this phenomenon, on which increased
emphasis has been placed in recent times, with the sensation time of different /21
retina sites.

The problem of sensation time entered a new stage at the time, in 1922, when
four different authors independently discovered or developed methods that permit .
measuring the sensation time in the region of the sense of vision. These are
the methods developed by Frohlich and Hazelhoff, with which the absolute values
of sensation time can be measured, as well as the methods developed by Pulfrich
and Helmholtz, Exner, and Piéron, with which the differences in the sensation
times of both eyes or one eye can be determined at different strength of illumi-
nation. Later Sections of this paper will treat the results of these methods.
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PART X /239

RELATION BEIWEEN SENSATION TIME AND REACTION TIME

The methods for measuring the sensation time furnish information on the ex—
tent of the subprocesses lying at the base of the reaction time. An anatomico-
physiological consideration shows that the instant of occurrence of a reaction
in response to a sensory stimulus is conditioned by the latency periods of a
number of physiological processes whose total time constitutes the reaction time.
The totality of processes, forming the basis of a reaction, can be readily sub-
divided into two essential subprocesses: processes leading to sensation and
limited in time by the arrival of the excitation at the sensory centers of the
cerebral cortex, and the motor component of the reaction which comprises the
transmission of excitation to the motor centers of the cerebral cortex as well
as the consequent excitation of spinal cord and muscles. Considerable informa-
tion on the magnitude of the components of the reaction time can be obtained by
allowing for the various reaction types determined by extensive studies on reac-
tion times. The reaction times show considerable difference depending on the
attitude of the test subject, respectively on the task to be performed. In the
sensory reaction, the test subject must place special emphasis on rapid appercep-—
tion of the sensory stimulus; in addition, this type of reaction time is longer
than the motor reaction time, in which the trend is toward rapid execution of the
reaction. Anticipatory responses in which, as mentioned above, the sensory
stimilus is so to say anticipated will furnish no data on the duration of the
subprocesses. The long reaction times, measured in the so-called choice reac-—
tions, are conditioned by the intercalated higher consciousness processes, whose
more accurate time definition will become possible provided the values of the
sensation time and of the motor component of the reaction time can be used as
basis for the calculation.

Earlier, Hazelhoff (Ref.100) interested himself already in the question as
to the relations existing between sensation time (SeTe.) and reaction time (ReT.).
The short table below gives a review over his results. This covers mean values
from a large number of determinations made under equal conditions with 40 test
subjects. It could be concluded from this result that, at a lower intensity of
the light stimulus, both sensation time and motor component of the reaction time
would be greater.

Light Stimmlns S'L;ia o, R.T., in o' Difference,.in o
Serong|. . . - 94 211 117
Nask . - 148 21 126
Very weak 201 8 351 150

Vogelsang (Ref.10l), in analogous experiments, obtained slightly different
results but his conditions deviated somewhat. It is a well known fact, re- /2,0
peatedly described and observed in reaction time experiments, that the sensory
reaction times are less prominent after protracted training and that the reaction
is more of the motor type. This behavior was quite clear also in the Vogelsang
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experiments. At the beginning, the two thoroughly studied test subjects showed
reaction times fluctuating about two main values. With respect to the lower
values, the statements made by the test subjects indicated that motor reactions
were involved. With progressing training, obtained by hundreds of measure-
ments, the longer values become increasingly less prominent. Finally, only short
values were obtained, corresponding to the initial motor reaction times. It
should be emphasized that the progressive training did not lead to shorter values
than those obtained originally for the motor reactions. In addition, the start
of training was characterized by the fact that the test subject no longer was
able to obtain longer reaction times at sensory attitude. The reaction motion
was innervated at the instant at which the sensation began. It might be that

the start of training was somewhat accelerated in the Vogelsang experiments by
the fact that both test subjects had considerable experience in measuring the
sensation time. The accompanying table shows the sensation times (S.T.) and the
reaction times (R.T.) measured on the test subjects Fr. and Vo.

- - Fk_'"—'_' L v.. ;

Tayomsity . 14 st.e.| 0,5 NK 14 stc.; 0.5 stee. |
Rébction time, in o | - 188 227 239 302
Sensation time, in o | . ~fET 69 - . 72 145
Motor.component; -in.o| 5 1 158 167 15 |

A perusal of this table shows that, when using the weaker light stimulus of
0.5 standard candles (st.c.), both sensation time and reaction time become
longer. It was also found that, in the test subject Vo., the reaction times
were longer in accordance with his longer sensation times. This clearly indi-
cates that, in both test subjects, the reaction time is only longer by the value
of the longer sensation time and that, again in both test subjects, the motor
component of the reaction time - despite the considerable differences in their
sensation times - is within the same order of magnitude. To obtain further in-
formation on these conditions, Dr. Monje was used as the third test subject; he

; _ 14 l_t._c.\ : %5 st.c.l
Sensetion Hhg.. dperrl 3R R
S R PG Vo tor B T Yeor “RCZ, 1689 Sewary-RTPI3  Motor R.T.1240
Moter eobpagieti: - (103 154 218 165

was well trained in measuring the sensation time but had very little experience
in measuring the reaction time. The accompanying compilation gives the values
obtained at sensory and motor attitude, using two different light intensities. /241
In the case of motor attitude, the reaction times for the test subject Mo. dif-
fered only by the magnitude of the measured sensation time, while the motor com-
ponent was of the same order of magnitude as in the other two test subjects.
Conversely, a comparison of the magnitude of the motor component at sensory at-
titude, as a function of the illumination intensity, showed that the motor com-
ponent is larger even at an intensity which conditions the minimum sensation time
and that it becomes still larger at weaker intensities. The latter result agrees
fully with the findings by Hazelhoff and suggests that Hazelhoff's experiments
had been made at sensory attitude of the test subjects.

The clearest result is furnished by experiments made at motor attitude of
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the test subjects. These furnish an important contribution to the personal equa-
tion, by indicating that, despite considerable differences in the sensation time,
the motor component of the reaction time in the investigated test subjects al-
ways is within the same order of magnitude and remains the same even at dif-
ferent stimulus intensities. The reaction times differ only by the magnitude of
the pertaining sensation time. This result obviously is a further substantia-
tion for our experience with the sensation times, in so far as the differences
in the measured sensation times coincide with the differences in the correspond-
ing reaction times. Already in discussing the reaction time experiments, we
mentioned that attempts had been made to draw conclusions as to the magnitude of
the sensation time from the differences in the reaction times at differing in-
tensity of stimulation. Here, we should mention primarily the studies by Cattell,
Berger, and Piéron (Ref.102 — 104). At the same time, it is obvious that only a
measurement of absolute values of the sensation time and an accurate allowance
for the conditions prevailing in the reaction time experiments will make a de-
termination of the segments of the reaction time possible.

In addition, more insight into the generation of sensory and motor reaction
times is obtained. The longer duration of the sensory reaction time is readily
explained by the fact that the attention is directed toward as rapid as possible
an apperception of the sensory stimulus and thus is distracted from the motor re-
action. The sensory reaction is predominantly observed in untrained test sub-
jects. The beginner has more difficulty in performing the reaction at motor at-
titude, since the attention field is turned toward the sensory stimulus as well
as toward performance of the reaction. As soon as distribution of attention has
been learned, the magnitude of the sensation time becomes independent of the de-
gree of attention; in addition, independently of the intensity of the sensory /242
stimulus or the magnitude of the personal sensation time, reaction is immediate
as soon as the sensation is initiated., This will result in simple relations be-
tween SeTs and ReTe, as they had originally been given in the paper by Vogelsang.
A1l test subjects studied to date showed surprising agreement in the magnitude
of the motor component of their reaction time; however, it is not inconceivable
that studies, extended over a large number of test subjects, may reveal personal
differences in the motor component of the reaction time. Certain literature
data could be interpreted in this sense.

It is not difficult to understand that, in untrained test subjects or in
the case of insufficient or unilaterally distributed attention - disregarding
even the dependence of the magnitude of ST+ on various factors which had been
discussed in detail earlier — the magnitude of the S«T. as well as of the motor
component may vary as a function of the stimulus conditions, as had been specifi-
cally shown in the experiments by Hazelhoff and Vogelsang. This would correspond
fully to experience of everyday life, except that it now has become possible to
substantiate these experiences by actually measured time values. Similarly, it
can be expected that, under conditions under which long sensation times occur,
the reaction times also will be of longer duration. In fact, reaction time ex-
periments, made with slowly moving light stimuli (Ref.l105) as well as experi-
ments with slowly amplifying vibration stimuli (Ref.106) or gustatory stimuli
(Ref.107, 108) resulted in very long reaction times.

The experimental results by Vogelsang were challenged by Wirth (Ref.109)
who believed it improbable that the motor component of the reaction time could
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remain unchanged at such widely differing motive intensities: he believed that
the partial times of the reaction time would have to change under differing con-
ditions of stimulation. This can be refuted by stating that, in the Vogelsang
experiments, it was not a question of strength of motive but rather of intensity
of stimulus. According to repeated statements by the test subjects, which also
included the author of this paper, the reaction - in the case of motor atti-
tude - takes place entirely independently of the intensity of light sensation,

at the instant at which the light stimilus is perceived. Self-observation, under
these conditions, thus strongly contradicts the hypotheses formulated by Wirth.
This author also objected to the so-called subtraction principle (Ref.109, /213
P.545) which was to yield information on the components of the reaction times, a
principle applied repeatedly by Helmholtz, Donders, Exner, Wundt, and many
otherss this principle, according to Wirth, is merely of historical significance.
However, it should be mentioned that the values of sensation time, obtained by
Cattell, Berger, and Piéron (Ref.110 - 112) from the reaction times, on the
basis of the subtraction principle at varying intensity of stimulation, agreed
fully in order of magnitude with the differences of the absolute values of sensa-
tion time measured under similar conditions. It is impossible to simply dis—
regard this coincidence. The objection by Wirth as to the changed influence of
attention had been discussed earlier, at which time it was mentioned that Mbnjé
(Ref.113) and Vogelsang emphasized specifically that the degree of attention,

if attention is paid at all to the measurement, can have no influence on the re-
sults. In the experiments it is not a question of the recognition time but
rather of the sensation time at which the sensory stimulus is not recognized or
not evaluated, meaning that reaction takes place at the instant of occurrence of
the sensation. The remark by Wirth that, according to Vogelsang, the test sub-
Jject was not to pay attention to the point of stimulus application is due to a
misunderstanding, since Vogelsang himself wrote as follows: "With respect to
the sensation, the situation was different in so far as, in contrast to the sen-
sation time measurements where the attention was centered on the point of the
slit path at which the leading edge of the light strip would appear, only the
apparition of the light strip was noted since this strip abruptly appeared with
a certain width, with main emphasis being placed on rapidly performing the reac-
tion after appearance of the strip. In this manner of observation, nothing was
changed in the S.T. phenomenon but, as shown by special experiments, the reac-
tion time was considerably prolonged by prior determination or apprehension of
the spot at which the leading edge of the light strip was to appear." In this
case, a recognition reaction would be involved, which naturally would have to be
longer.

Similarly, with respect to the reaction time the question of the magnitude
of the partial times of the motor component becomes of importance. The motor
component contains the partial times accessible to the measurement, such as the
conduction time within the nerves and the latency of the nerve-ending apparatus
and the muscles. We are giving here the corresponding values despite the fact
that they were taken from different studies and obtained under not fully com~
parable conditions. If, on the basis of investigations on the latent period /24
of muscle and nerve—ending organs as well as of the conduction rate of human
nerves, we make an allowance for the times in question for our reaction time ex-
periments (Ref.114), a value of 20 ¢ will be rather too high than too low since
about 135 0 would then remain for the processes in the continuous nerve cells.
If we wish to further resolve this time, the studies by Bubnoff and Heidenhain
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- (Ref.115, 116) must be used, in which the latent periods were compared on stimu~
lation of the cerebral cortex and, after decay of these times, on stimulation of
the substantia alba. In these experiments, time differences of L5 0 occurred.

In stimulation of the cerebral cortex, the latency was 80 0 while the correspond-
ing value, in stimulation of the substantia alba, was 35 0. This would indicate
a considerable duration of the processes mediasted by the cerebral cortex. In
the remaining time of 135 0, deducting the conduction time in the nerves from
the motor component and the latency from the nerve-ending organ and the muscle,
would have to include the transmission of the excitation from the ssnsory ccnters
to the motor cortical centers as well as the latent period of the latter and of
the motor centers of the spinal cord. This period, in view of the short reflex
times of the spinal cord, cannot be excessively long, so that the high value of
the motor component of the ReT. must be attributed mainly to the processes in
the cerebral cortex. It should be recalled that, with respect to the sensation
time, we had come to the conclusion that its duration is essentially conditioned
by the processes in the sensory and nerve cells of the retina and in the visual
center. This would also explain the long reaction times, which are measured on
cut-in of higher consciousness processes.

Finally, we should briefly mention the reaction times in response to stimu-~
lation of different sensory regions. As a rule, the short reaction times of the
auditory sense are mentioned; the reaction times mediated by the eye and the
tactile sense are somewhat longer while the reaction times in the region of the
gustatory and olfactory sense are longest. The mode of action of olfactory and
gustatory stimuli would readily explain the long reaction times. However, if
we wish to compare the reaction times, mediated by the various sensory regioms,
comparable conditions would have to be created. Wundt (Ref.61, p.405§ already
mentioned that, in presenting threshold stimuli, the differences in the reaction
times mediated by the various sensory regions are eliminated; our own experience
as to the maximal and minimal sensation times of various sensory regions fully
confirmed the findings of Wundt. However, we mentioned previcusly that, in a /245
comparison of different sensory stimuli, not only the intensity but also the
time course of the stimulus must be taken into consideration; in this respect,
substantial differences occur already within one and the same sensory region,
which become even more pronounced on comparison of different regions. For ex-~
ample, it is only necessary to compare the time course of a detonation or explo-
sion with the time course of an olfactory stimulus. How is it possible at all
to compare two such stimli? One could possibly apply the principle used by
Pulfrich (Ref.118) for heterochromic photometry, based on the equality of sensa-
tion time of two stimuli. This principle is realizable in nature, in numerous
cases. At concentrated attention, it is possible to see an electric spark and
hear it simultaneously during its jump; this means that a close correlation ex-
ists here between acoustic and optical stimalus, in intensity as well as in time
course. It is quite justified to assume that stimili of equal sensation time
also involve equal reaction times. Consequently, the question as to the reac-
tion times of different sensory regions can be solved only under consideration
of the physiological effect of the sensory stimulus and the comparability of the
stimilus course.

17




1.
24

\Q

9a.
9.

9¢.

10 .

ll-

12.

13l

1.
15.

18

REFERENCES

Bessel, Fr.W.: Konigsberg Observations, Section VIII, p.l, 1822.
Struve, F.GeWe: Determination of the Longitude between Pultawa and Altona
(Détermination de la longitude entre Pultawa et Altona)s p.29, Petersburg,

181,4,.

. Struve; F.GW. and Struve, O«W.: Chronometric Expeditions of 1845 (Expédi—

tions Chronometriques de 1845). p..48, Petersburg, 1853; Mem. Observ.
Centr., Vol.II, 1859.

Peters, CsA+Fe: Description of a Galvanic Recording Instrument of the
Altona Observatory (Beschreibung eines auf der Altonaer Stermwarte aufge-
stellten, galvanischen Registrierapparates). Astron. Nachr., Vol..,9,
p.20, 1859. )

Arago, Fr.D.: Notes on Personal Errors (Mémoires sur les erreurs perso-
nelles). Compt. Rend., Vol.36, p.276, 1853.

Bond, GePe. and Bond, ReFe: Description of an Apparatus for Mgking Astro-
nomical Observations by Means of Electromagnetism. Rept. British Assoc.,
Vol.21, 1851,

Prasmowski: Personal Errors Affecting Star Transits (Sur les erreurs perso-
nelles gqui affectent les passages des astres). Cosmos, Vol.IV, p.545,
1854

Hartmann, J.: Remarks on Personal Difference (Einige Bemerkungen uber
Personaldifferenz). Grunerts Arch. Math. Phys., Vol.31l, p.l, 1858.

Hirsch, A.: Personal Equation and Correction in Chronographic Transit Ob-
servations (Uber die personliche (leichung und Korrektion bei chrono-
graphischen Durchgangsbeobachtungen). Paper presented to the Society of
Natural Science Research in Naumburg, November 8, 1861.

Hirsch, A.: Corrections and Personal Equation (Sur les corrections et équa-—
tation personelle). Bull. Soc. Sci. Nat., Neuchatel, Vol.IV, 1862.

Hirsch, A.: Chronoscopic Investigations on the Velocity of Various Sensory
Impressions and Nerve Conduction (Chronoskopische Untersuchungen uber die
Geschwindigkeit der verschiedenen Sinneseindrucke und die Nervenleitung).
Moleschotts Unters., Vol.9, p.182, 1863.

Hirsch, A.: Personal Equation and Correction (Uber personliche Gleichung
und Korrektion). Moleschotts Unters., Vol.9, p.200, 1863.

Hirsch, A. and Plantamour, E.: Telegraphic Determination of the Difference
in Longitude between Geneva and Neuchatel (Détermination telégraphique de
la différence de longitude entre Geneve et Neuchitel). p.81, 1864,

Hirsch, A. and Plantamour, E. and Wolf, R.: Telegraphic Determination of
the Difference in Longitude between Righi, Neuchatel, and Zurich (Déter-

mination télégraphique de la différence de longitude entre Righi, Neuchatel,

et Zurich). p.168, 1871; p.10, 1875.

Wolf, C.: Research on the Personal Equation in Transit Observations
(Recherches sur l'equation personelle dans les observations de passages).
Ann. Observ. Imp., Paris, Vol.VIII, p.1l53, 1865.

Harkness, Wo: Personal Equation Machine; Astronomic and Meteorological Ob-
servations Made at the U.S.Naval Observatory, 1867, Appendix 13.

Eastmann: Personal Equation Apparatus. Astronomic and Meteorological Ob-
servations Made at the U.S.Naval Observatory, 1875, Appendix 21.

van de Sande Backhuyzen, HeGe: Observations for Determining the Personal
Transit Error with Brightness of the Stars (Beobachtungen zur Bestimmung



16.

17.

18.

19.

22.

23.

25.

2ba.

27.

des personlichen Durchgangsfehlers mit der Helligkeit der Sterne).
Vierteljahrsschr. Astron. Ges., Vol.l,, pp.408, A1L, 1879.

Kustner, F.: Results of Observations of 670 Stars, Made with the Large
Berlin Meridian Circle (Resultate der Beobachtungen von 670 Sternen,
angestellt am grossen Berliner Meridiankreis). Astron. Beob. Kgl. Observ.,
Berlin, 1887.

Argelander, FJWeAs: On_the Bonn and Leidner Observations of Egeria during
the 186/, Opposition (Uber die Bonner und Leidner Beobachtungen der Fgeria
in der Opposition des Jahres 186i). Astron. Nachr., Vol.74, p.263, 1849.

Turner, HeHe: Results Obtained with the Personal Equation Machine at
Greenwich. Monthly Notices, Vol.;8, p.., 1887.

Schaberle, I.M.: A Special Case of an Error in the Observed Time of a Star
Transit which is a Function of the Start!s Magnitude. Astron. Nachr.,
Vol.134, p.129, 189..

Repsold, I.: Transit Circle with Clock Movement (Durchgangsinstrument mit
Uhrbewegung). Astron. Nachr., Vol.l18, p.305, 1888,

Repsold, I.: New Suggestion for Avoiding the Personal Time Error in Transit
Observations (Neuer Vorschlag zur Vermeidung des personlichen Zeitfehlers
bei Durchgangsbeobachtungen). Astron. Nachr., Vol.l23, p.177, 1890.

Zeipel, K.: Investigations of the Parallaxes of 50 Stars in the Vicinity
of € 4.3 (Untersuchungen der Parallaxen von 50 Sternen in der Umgebung

_der g 43). Astron. Nachr., Vol.l75, p.196, 1907.

Norlund, NeE.: Investigations of the Personal Equation and the Brightness
Equation, in Observations with the Repsold Self-Recording Micrometer
(Untersuchungen der personlichen Gleichung und der Helligkeitsgleichung
bei Beobachtung mit dem Repsoldschen selbstregistrierenden Mikrometer).
Astron. Nachr., Vol.1l83, p.l17, 1910.

Wirth, W.: On the Psychophysical Analysis of the Repsold Micrometer Record-
ing of Star Transits (Zur psychophysischen Analyse der Repsoldschen Mikro-
meterregistrierung von Sterndurchgangen). Wundts Psych. Stud., Vol.X,
p.1, 1917.

Stromgren, Bengt: Observations without Observer; a Photoelectric Method
for Determining Positions of Fixed Stars (Beobacptungen ohne Beobachter.
Die lichtelektrische Methode zur Bestimmung der Orter der Fixsterne).
Second Collection of Astronomic Miniatures, pp.32 - 55, Berlin 1927.

Pihl, O.: Occultating Micrometers and their Usefulness in Accurate Astro-
nomic Measurements (Uber occultierende Mikrometer und ihre Brauchbarkeit
zu genauen astronomischen Messungen). Astron. Nachr., Vol.l3l, p.313,
1894.

Helmholtz: Velocity of Propagation in Sensory Nerves (Fortpflanzungsge-
schwindigkeit in sensiblen Nerven). Monatsber. Berlin. Akad., p.l4, 1850.|

Helmholtz: Method of Measuring Extremely Small Time Segments and its Ap-
plication to Physiological Purposes (Uber die Methode, kleinste Zeitteile
zu messen und ihre Anwendung fur physiologische Zwecke). Konigsb. Naturw.
Abhandl., Vol.2, p.l69, 1851.

Helmholtz and Baxt: Experiments on the Velocity of Propagation in Motor
Nerves of Man (Versuche uber die Fortpflanzungsgeschwindigkeit in den
motorischen Nerven des Menschen). Monatsber. Kgl. Akad. Wiss., Berlin,
p.229, 1867.

Schelske, R.: New Measurements on Velocity of Propagation of a Stimulus in
Human Nerves (Neue Messungen zur Fortpflanzungsgeschwindigkeit des Reizes
in den menschlichen Nerven). Arch. Anat. Physiol., p.151, 186/.

19




30.

31.
3la.
32.

3.

35.

36.

37.

38.

39.
l.;,O .

l.',l'

L5

Kohlbausch, F.: On the Velocity of Propagation of a Stimulus in Human
Nerves (Uber die Fortpflanzungsgeschwindigkeit des Reizes in den mensch-
lichen Nerven). Z. Rationel. Med., Vol.28, p.190, 1865. .

Hankel: An Apparatus for Measuring very Short Time Intervals (Uber einen
Apparat zur Messung sehr kleiner Zeitraume). Ber. Kgl. Sichs. Akad. Wisse.,
Mathem.-Naturw. Ki., Vol.l7, p.,6, 1866.

Donders, FeCe: Rapidity of Psychic Processes (Die Schnelligkeit psychischer
Prozesse). Arch. Physiol., p.657, 1868.

Donders, F.Ce and de Jaager: FPhysiological Time in Psychic Frocesses {De
physiologische Tijd bij psychische processen). Utrecht, 1865.

v. Wittich: The Velocity of Propagation in Human Nerves (Uber die Fort-
pflanzungsgeschwindigkeit in menschlichen Nerven). Z. Rationel. Med.,
Vol.3l, p.97, 1868.

Wundt, W.: Physiological Psychology (Physiologische Psychologie). Sixth
Edition, Vol.III, p.58, 1911.

Klemm, O.: Experiments with the Complication Pendulum according to the
Method of Self-Attitude (Versuche mit dem Komplikationspendel nach der
Methode der Selbsteinstellung). Psych. Studien, Vol.2, p.32,, 1907.

v. Tschisch, W.: Time Relations of Apperception of Simple and Composite
Concepts, Investigated with the Complication Method (Uber die Zeitverhalt-
nisse der Aperzeption einfacher und zusammengesetzter Vorstellungen,
untersucht mit Hilfe der Komplikationsmethode). Phil. Studien, Vol.2,
p.603, 1885.

Wolf, C.: Research on the Personal Fquation in Transit Observations
(Recherches sur ltequation personelle dans les observations de passages).
Ann. Observ. Imp., Paris, Vol.VIII, p.l53, 1865.

Pflaum, Chr. D.: Recent Investigations on the Time Relations of Appercep-
tion of Simple Sensory Impressions, Using the Complication Pendulum (Neue
Untersuchungen uber die Zeitverhaltinisse der Aperzeption einfacher Sinnes-
eindrucke am Komplikationspendel). Phil. Studien, Vol.l5, p.139, 1900.

Angel, J.R. and Pierce, A.Hs: Experimental Research upon the Phenomenon
with the Complication Pendulum. Am. J. Psychol., Vol.j, p.528, 1892.

Geiger, M.: Recent Complication Experiments (Neue Komplikationsversuche).
Phil. Studien, Vol.18, p.347, 1902.

Heyde, G«Ce: Experiments on the Complication Clock with Several Hands
(Versuche an der Komplikationsuhr mit mehreren Zeigern). Psychol. Studien,
Vol.6, p.317, 1910.

Michotte, A.: Recent Research on the Apparent Simultaneity of Periodic
Disparate Igprsssions (Complication Experiment) [Nouvelles recherches sur
la simultanéite apparente d'impressions disparates périodiques (experi-
ence de complication)]. Louvain, p.l53, 1912.

Moede, W.: Time Shifts on Presentation of Continuous Stimuli (Zeitver—
schiebungen bei kontinuierlichen Reizen). Psychol. Studien, Vol.8, p.327,
1913,

Helmholtz, H.: On the Time Required for Having a Visual Impression Reach
Consciousness (Uber die Zeit, welche notig ist, damit ein Gesichtseindruck
zum Bewusstsein kommt). Monatsber. Berlin. Akad., p.333, 1871.

Exner, S.: On the Time Required for Visual Perception (Uber die zur
Gesichtswahrnehmung notige Zeit). Sitzber. Wien. Akad. Wiss., Vol.58,
Part 2, p.601, 1868.

Baxt, N.: The Time Required for a Visual Impression to Reach Consciousness
and the Extension of Conscious Apperception, for a Visual Impression of



46

L7e

L8.

49.
50.

51.

52

53

Shie

554

564

56a.

57.

584

58a.

59
60.

Given Duration [Uber die Zeit, welche notig ist, damit ein Gesichtsein~
druck zum Bewusstsein kommt, und uber die Grosse (Extension) der bewuss~
ten Wahrnehmung bei einem Gesichtseindruck gegebener Dauer]. Arch. Ges.
Physiol., Vol.,, p.325, 1871,

Pieron, H.: Experimental Research on the Margin of Variation of the Latent
Period in Light Sensation (Recherches expérimentales sur la marge de vari-
ation du temps de latence de la sensation lumineuse). LtAnnée Psycholog.,
Vol,XXVI, p.l, 1925.

Monje, M.: Sensation Time Measurement with the Method of Extinction Stim-
lus (Die Empfindungszeitmessung mit der Methode des Loschreizes).

Exner, S.: Experimental Investigations of the Simplest Psychic Processes
(Experimentelle Untersuchungen der einfachsten psychischen Prozesse).
Arch. Ges. Physiol., Vol.1ll, p.,03, 1875,

Bloch, A.Ms: Comparative Velocity of Sensations (La vitesse comparative
des sensations). Rev. Sci., Vol.XXXIX, p.585, 1887.

Meyer, EeMe: Blending of Tactile Stimuli, the So-~Called Time Threshold
(Verschmelzung von Tastreizen, die sogenannte Zeitschwelle). Phil.
Studien, Vol.l5, p.67, 1899.

Peters, We: Attention and Time Shift in the Apperception of Disparate
Sensory Stimuli (Aufmerksamkeit und Zeitverschiebung in Auffassung dis-
parater Sinnesreize). Z. Psychol., Vol.39, p.,01, 1905.

Minnemann, E.: Investigations on the Difference in Rate of Perception of
Iight and Sound Stimuli (Untersuchungen Uber die Differenz der Wahrneh-
mungsgeschwindigkeiten von ILicht- und Schallreizen). Arch. ges. Psychol.,
VOl-Z), p¢227, 19]_1.

Geigel, R.: Acoustically Detectable Short Time Intervals (Akustisch
erkennbare kurze Zeitintervalle). Deut. Arch. Klin. Med., Vol.100, p.2,
1910.

Fxner, S.: FExperimental Investigation of Simplest Psychic Processes (Ex—
perimentelle Untersuchung der einfachsten psychischen Prozesse). Arch.
Ges., Physiol., Vol.7, p.601, 1873.

Lange, L.: Recent Experiments on the Process of Simple Reactions to Sensory
Impressions"(Neue Experimente uber den Vorgang der einfachen Reaktion auf
Sinneseindrucke). Phil. Studien, Vol.j, p..,78, 1888. .

Martius, G.: Reaction Time of the Perception Duration of Sounds (Uber die
Reaktionszeit der Perzeptionsdauer der Klange). Phil. Studien, Vol.6,
p.394, 1891.

Martius, G,: Influence of Intensity of Stimuli on the Reaction Time of
Sounds (Uber den Einfluss der Intensitat der Reize auf die Reaktionszeit
der Klange). Phil. Studien, Vol.7, p.469, 1892.

Alechsieff, N.: Reaction Times in Transit Observations (Reaktionszeiten
bei Durchgangsbeobachtungen). Phil. Studien, Vol.l6, p.27, 1900.

Hirsch, A.: Chronoscopic Investigations of the Velocity of Various Sensory
Impressions and Nerve Conduction (Chronoskopische Untersuchungen uber die
Geschwindigkeit der verschiedenen Sinneseindrucke und der Nervenleitung).
Moleschotts Unters., Vol.9, p.182, 1863.

Hirsch, A.: Personal Equation and Correction in Chronographic Transit Ob-
servations (Uber personliche Gleichung und Korrektion bei chronogra-
phischen Durchgangsbeobachtungen). Moleschotts Unters., p.200, 1863.

Donders, FeCe: Rapidity of Psychic Processes (Die Schnelligkeit psychischer
Progesse). Arch. Physiol., p.657, 1868. .

Harkel: On an Apparatus for Measuring very Short Time Intervals (Uber einen

21




[ 4

62

63.
6l.
65.
66.

67'

68.

69.

£9a.

70.

71'

72.

73

75

76.
77

22

Apparat zur Messung von sehr kleinen Zeitraumen). Ber. Kgl. Sach. Ges.
Wiss., Math.~Phys. Kl., Vol.l7, p.46, 1866; Poggendorffs Ann., Vol.1l32,
p.134, 1867.

Wundt, W.: Physiological Psychology (Physiologische Psychologie). Vol. I,
p.731, 1911; Part III, p.,23, 191l.

Exner, S.: Experimental Investigation of Simplest Psychic Processes (Ex—
perimentelle Untersuchung der einfachsten psychischen Prozesse). Arch.
GeSv Phy'SiOlo, V0157, poéOl, 18730

v.Kries, J. and Auerbach, F.: Duration of Simplest Psychic Processes (Die
Zeitdauer einfachster psychischer Prozesse). Arch. Physiol., p.297, 1877.

McKeen Cattell, J.: The Influence of the Intensity of the Stimulus on the
Reaction Time., Brain, Vol.VIII, p.512, 1886.

Wundt, W.: Physiological Psychology (Physiologische Psychologie). Vol.I,
p.731, 1911,

Berger, GeéOe: The Influence of Stimulus Intensity on the Duration of
Simple Psychic Processes, w1th Special Consideration of Light Stimuli
(Uber den Einfluss der Relzstarke auf die Dauver einfacher psychischer
Vorgange zlt besonderer Rucksicht auf Iichtreize). Phil. Studien, Vol.3,
p.63, 1886.

Vogelsang, K.: Relations between Sensation Time and Reaction Time in the
Region of the Sense of Vision (Uber die Beziehungen von Empfindungszeit
und Reaktionszeit im Gebiete des Gesichtssinnes). Arch. Ges. Physiol.,
Vol.208, p.l, 1925.

Pottevin, H. and Taillie, R.: Variation in Psychometrlc Reaction Time, as
a Function of Ilumination (Variation du temps de réaction psychometrice,
en fonction de 1téclairement). Compt. Rend., Vol.186, p.716, 1928.

Piéron, H.: Research on the Laws of Variation in Sensory Latent Period as
a Function of the Excitatory Intensities (Recherches sur les lois de
variation des temps de latence sensorielle en fonction des intensités ex-
cltatrlces) LtAnnée Psychol., Vol.XX, p.17, 191j.

Pleron, He: Recent Research on Analysis of the Sensory latent Period and
the Law Connecting this Time with Unit Excitation (Nouvelles recherches
sur 1ltanalyse du temps de latence sensorlelle et sur la loi qui relie ce
temps 2 ltunité de ltexcitation). LtAnnée Psychol., Vol.XXII, p.58, 1922.

Feygin, Lea: Experiments on Constancy of Simple Reaction Times (Experlences
sur la constance des temps de réaction simple). Arch. Physiol., Vol.1l9,
p.85, 1925.

Wells, GeRe: The Influence of Stimulus Duration on Reaction Time. Psychol.
,Review, Vol.l5, pp.28, 59, 1913.

Léonnard, KeEe: Reaction Times at Various Stimilus Durations (Uber Reak-
tionszeiten bel verschiedener Dauer des Reizes). Psychol. Forsch., Vol. Ly

P04, 1923.

Gunther, Fr.: Reaction Experiments in Transit Observations (Reaktions-
versuche bel Durchgangsbeobachtungen). Psychol. Studien, Vol.7, p.229,
1911,

Heumon, Ae.Ce: The Time of Perception as a Measure of Difference in Sensa-
tion. Arch. Philos. Psychol. Sci. Meth., Vol.l, 1906.

Holmes, JeLst Reaction Time to Photometrically Equal Chromatic Stimuli.
An. J. Psychol., Vol.XXXVII, p.A414, 1925.

Wirth, W.: Psychophysics (Psychophysik). p.,89, Leipzig, 1912.

Kuhnert, E.: Reaction Time Experiments with Two New Forms of Obtaining
Optimum Readiness (Reaktionszeitversuche mit zwei neuen Formen der



78.

79.

8l.

82.

83.

8l,.

8La.

8LI_b L4

85-

85&-

85b.

86.
87.

Frzielung einer optimalen Bereitschaft). Arch. Ges. Psychol., Vol.5,
P-425, 1926.

Exner, S.: Time Required for Visual Perception (Uber die zur Gesichtswahr—
nehmung notige Zeit). Sitzber. Wien. Akad. Wiss., Math.-Naturw. Kl.,
Vol,.58, p.601, 1868.

Helmholtz, H.: Time Required for a Visual Impression to Reach Conscious-
ness (Uber die Zeit, welche notig ist, damit ein Gesichtseindruck zum
Bewusstsein kommt.). Monatsber. Berlin. Akad., pe 333, 1871.

Baxt, N.: The Time Required for a Visual Impression to Reach Conscicusness
and Extension of Conscious Apperception, for a Visual Impression of Given
Duration [Uber die Zeit, welche notig ist, damit ein Gesichtseindruck
zum Bewusstsein kommt, und uber die Grosse (Extension) der bewussten Wahr—
nehmung bei einem Gesichtseindruck gegebener Dauer]. Arch. Ges. Physiol.,
Vol.), p.325, 1871.

Tlgerstedt, R. and Bergqvist, J.: Determination of the Apperception Time
of Composite Visual Concepts (Zur Kenntnis der Apperzeptionsdauer zusam~
mengesetzter Gesichtsvorstellungen). Z. Biol., Vol.1l9, p.l, 1883. .

McKeen Cattell, J.: Inertia of the Retina and of the Visual Center (Uber
die Tragheit der Netzhaut und des Sehzentrums). Phil. Studien, Vol.3,
p-105, 1896.

Becher, E.: Experimental and Critical Contributions to the Psychology of
Reading at Short Exposure Times (Experimentelle und kritische Beitrige
zur Psychologie des Lesens bei kurzen Expositionszeiten). Z. Psychol.
Physiol. Sinnesorg., Vol.36, p.l6, 1904.

Stigler, R.: , Difference Threshold in the Ascending Portion of a Idght
Sensation (Uber die Unterschiedsschwelle im aufsteigenden Teil einer
Lichtempfindung). Arch. Ges. Physiol., Vol.l23, p.1l63, 1908,

Stigler, R.: Physiological Proportionality Factor, with Data on a New Sub~
jective Photometry Method (Uber den physiologischen Proportionalitats—
faktor, nebst Angabe einer neuen subjektiven Photometriermethode). Z.
Sinnesphysiol., Vol..4, pp.62 - 116, 1910,

Stigler, R.: Chronophotlc Studies on the Environmental Contrast (Chrono-
photische Studien uber den Umgebungskontrast). Arch. Ges. Physiol.,
Vol.171, p .296, 1910.

Pleron, H.: Research on the Laws of Variation in Sensory latent Period as
a Function of Excitatory Intensities (Recherches sur les lois de vari-
ation du temps de latence sensorielle en fonction des intensités excita-—
trlces) LtAnnée Psychol., Vol.20, p.l7, 1914.

Piéron, H.: Recent Research on the Analysis of the Sensory Latent Period
and on the Law Connecting this Time with the Excitatory Intensity (Nouvel-
les recherches sur ltanalyse du temps de latence sensorielle et sur la
loi qui relie ce temps 3 1tintensité de 1ltexcitation). LtAnnée Psychol.,
Vol.22, p.58, 1922.

Pleron, H.: Influence of the Light Inten51ty on the Apparent Retlnal Per—
sistance (Ltinfluence de 1'1nten31te lumineuse sur la persistance reti-
nienne apparente). Arch. Neerland. Physiol. 1tHomme, Vol.VII, p.199,
1922,

Baade, W.: Self-Observation and Intervocation (Selbstbeobachtung und Inter—
vokation). Z. Psychol. Physiol. Sinnesorg., Vol.79, p.68, 1917.

Ebbecke, U.: Instantaneous Vision with Remarks on Retroactive Inhibition
(lber das Augenblickssehen, mit einer Bemerkung uber ruckwirkende Hem—
mlrlg) Arch. Ges. Phy'SIOlo, Vol. 185, pol8l l9g)a

23



88.

a9,

90,

91.

9la.

92.

93.

L.
95.

9%

97.

98.

99.

100.
101.

102.

103.

104,.

Mbnjé, M.: Sensation Time Measurement, Using the Method of Extinction
Stimlus (Die Empfindungszeitmessung mit der Methode des Loschreizes). Z.
Biol., Vol.87, p.23, 1927.

Wheatstone, Chr.: A Singular Effect of Juxtaposition of Certain Colors
under Particular Circumstances (Sur un effet singulier de juxtaposition
de certaines couleurs dans circonstances particulieres). Institut, No.582,
p.75, 18,5.

Szili, A.: On the Interpretation of "Auricular Fibrillation" (Zur Erklarung
der "flatternden Herzen'). Arch. Physiol., p.157, 1891; Z. Psychol.
Physiol. Sinnesorg., Vol.3, p.359, 1892.

v.Kreis, J.: Effect of Short-Time Light Stimuli on the Organ of Vision
(Uber die Wirkung kurzdauernder Lichtreize auf das Sehorgan). Z. Psychol.
Physiol. Sinnesorg., Vol.l2, p.8l, 1896; Vol.25, p.239, 1901.

v.Kreis, J.: Absence of the Afterimage Phenomenon in the Retina Center and
Work Done by C.Hess on this Subject (Uber die im Netzhautzentrum fehlende
Nachbilderscheinung und uber die diesen Gegenstand betreffenden Arbeiten
von CeHess). Z. Psychol. Physiol. Sinnesorg., Vol.29, p.8l, 1902.

Schapringer, A.: Theory of Cardiac Arrhythmia (Zur Theorie der flatternden
Herzegf. Z. Psychol. Physiol. Sinnesorg., Vol.5, p.385, 1893.

McDougall, W.: The Illusion of the Fluttering Heart and the Visual Func-
tions of the Rods of the Retina. Brit. J. Psychol., Vol.l, p.,28, 1904.

Ives, H.E.: The Resolution of Mixed Colors by Differential Visual Dif-
fusity. Phil, Mag., Vol.XXXV, p.j13, 1918.

Hess, C.: Investigations on the Decay of Excitation in the Organ of Vision
after Short— and Long-Time Stimuli (Untersuchungen iber das Abklingen der
Erregung im Sehorgan nach kurz- und langdauernden Reizen). Arch. Ges.
Physiol., Vol.10l, p.226, 190).

Mach, E.: Analysis of Sensation (Analyse der Empfindung). 2nd Ed., p.162,
1900.

Dvorak, V.: Analysis of Personal Difference between both Eyes and the
Retina Points of One and the Same Eye (Uber die Analyse der personlichen
Differenz zwischen beiden Augen und den Netzhautstellen desselben Auges) .,
Sitzber. Kgl. Bohm. Ges. Wiss., p.65, 1872.

Bethe, A.: Observations of Personal Difference in One and in Both Eyes
(Beobachtungen Uber personliche Differenz an einem und an beiden Augen).
Arch. Ges. Physiol., Vol.1l21l, p.2, 1908.

Fuchs, W.: Investigations on the Vision of Hemianoptics and Hemiambly-
optics (Untersuchungen Uber das Sehen der Hemianopiker und Hemiambli-
opiker). Z. Psychol., Vol.86, p.1l0, 1921.

Hazelhoff, FeF.: Apperception Time (De Waarnemingstijd). Groningen, 1923.

Vogelsang, K.: Correlations between Sensation Time and Reaction Time in
the Region of the Sense of Vision (Uber die Beziehungen von Empfindungs-
zeit und Reaktionszeit im Gebiete des Gesichtssinnes). Arch. Ges. Physiol.,
Vol.208, p.l, 1925.

McKeen Cattell, J.: Psychometric Investigations (Psychometrische Unter—
suchungen). Phil. Studien, Vol.3, p.3l9, 1886.

Berger, G.Oe: Influence of Stimulus Intensity on the Duration of Simple
Psychic Processes, with Special Consideration of light Stimuli (Uber den
Einfluss der Reizstarke auf die Dauer einfacher psychischer Vorgange mit
besonderer Rucksicht auf Lichtreize). Phil. Studien, Vol.3, p.63, 1886.

Piérgn, Ho: A Device for Studying Reaction Times (Sur un dispositive pour
1tétude des temps de réaction). J. Physiol., Vol.6, p.331, 1909.



104a.

104b.

105.

106 L4

107.

108.

109.

110.

111.

112.

112a.

112b.

113.
113a.

114,.

Piéron, H.: Research on the Laws of Variation of the Sensory Latent
Period as a Function of Excitatory Intensities (Recherches sur les 101s
de variation du temps de latence sensorielle en fonction des intensites
excitatrices). LtAnnée Psychol., Vol.XX, p.l7, 1914.

Pleron, H.: Recent Research on the Analysis of the Sensory Latent Period
and the Law Connecting this Time with the Excitatory Intensity (Nouvelles
recherches sur l'analyse du temps de latence sensorielle et sur la loi
qui relie ce temps a l'intensite de ltexcitation). LtAnnée Psychol.,
Vol.XXII, p.58, 1922.

Gunther, Fr.: Reaction Experiments in Transit Observations (Reaktions-
versuche bei Durchgangsbeobachtungen). Psychol. Studien, Vol.7, p.229,
1911,

Kietzmann, O.: The Theory of the Vibration Sense (Zur Lehre vom Vibrations-
sinn). Z. Psychol., Vol.10l, p.377, 1927.

v.Vintschgau, M., and Honlgschmled, J.: Experiments on the Reaction Time
of a Gustatory Sensation (Versuche uber die Reaktionszeit einer Ge-
schmacksempfindung). Arch. Ges. Physiol., Vol.,10, p.l, 1875; Vol.l2,
po87, 1876 Vol. lh, p¢529, 1877.

Kiesow, Fr.: Contribution to the Question of Reaction Times of Gustatory
Sensations (Ein Beitrag zur Frage nach den Reaktionszeiten der Ge-
schmacksempfindungen). Z. Psychol., Vol.33, p.4l3, 1903.

Wirth, W.: Reaction Times, a Contribution to Psychological Systematics
(Die Reaktionszeiten, Beitrag zur psychologischen Systematik). Handbook
of Normal and Pathological Physiology, Vol.lO, p.525, 1927.

McKeen Cattell, J.: Psychometric Investigations (Psychometrische Unter—
suchungen) . Phil. Studien, Vol.3, p.319, 1886.

Berger, G.Oe.: Influence of Stimulus Intensity on the Duration of Simple
Psychic Processes, with Special Consideration of ILight Stimuli (Uber den
Einfluss der Reizstarke auf die Dauer einfacher psychischer Vorgange mit
besonderer Rucksicht auf Lichtreize). Phil, Studien, Vol.3, p.63, 1886.

Piéron, H.: Research on the Laws of Variation of the Sensory Latent Period
as a Function of Excitatory Intensities (Recherches sur les 101s de vari-
ation du temps de latence sensorielle en fonction des intensités excita-
trlces). LtAnnée Psychol., Vol.XX, p.l7, 1914.

Pleron, H.: Recent Research on the Analysis of the Sensory Latent Period
and the Law Connecting this Time with the Excitatory Intensity (Nouvelles
recherches sur l'analyse du temps de latence sensorielle et sur la loi
qui relie ce temps & 1'intensité de ltexcitation). LtAnnée Psychol.,
Vol.XXIT, p.58, 1922.

Piéron, H.. Influence of Intensity on the Reaction Time at Cessation of
a Light Stimulus (L'influence de ltintensité sur le temps de réaction a
la cessation d'un stimulus lumineux ). Compt. Rend. Soc. Biol.,

Vbl XCviIi, p.11,7, 1927.

Monjé, M.: Contributions to Measurements of Sensation Time (Beitrage zur
Messung der Bmpfindungszeit). Arch. Ges. Physiol., Vol.208, p.110, 1925.

Mbnge, M.: Sensation Time and Time Course of Auditory Sensation, on
Presentation of Short-Time Sound Stimuli (Die Empfindungszeit und der
zeitliche Verlauf der Gehorsempfindung bei Verwendung kurzdauernder
Schallreize). Z. Biol., Vol.85, p.3.,9, 1925.

Bernstein, J.: Excitation Time of Nerve—Endlng Organs in Muscles (Die
Erregungszeit der Nervenendorgane in den Muskeln). Arch. Physiol., p.329,
1882.

25



-

- NASA TT F-11,350

115, Boruttau, H.: On the Question of the Specific Excitation Time of Motor
Nerve Endings (Zur Prage der spezifischen Frregungszeit der motorischen
Nervenendigungen). Arch. Physiol., p.45,, 1892.

116, Burnoff, N. and Heidenhain, R.3 Excitation and Inhibition Processes within
the Motor Cortical Centers (Uber Frregungs— und Hemmungsvorgange inner—
halb der motorischen Rindenzentren). Arch. Ges. Physiol., Vol.26, p.l137,
1881.

117. Frangois-Franck and Pitres, A.: Graphic Research on Simple Motions and
Convulsions Provoked by Excitations of the Brain (Recherc@es graphiques
sur les mouvements simplce et sur les convulsions provoquees par les
excitations du cerveau). Trav. lab. Marey, p.4l3, 1878/79.

118, Pulfrich, C.: Stereoscopy in the Service of Photometry and Pyrometry (Die
Stereoskopie im Dienste der Photometrie und Pyrometrie). Berlin, 1923.

Translated for the National Aeronautics and Space Administration by the
OW.leibiger Research laboratories, Inc.

26



